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AIRCRAFT MANUFACTURED BY VARIOUS RIVETING METHODS

By G, A, Maney and L, T, Wyly

" SUMMARY

The results of an investligatlon to determine the fatiguse
strength of flush-~riveted Jjoints manufactured by different
riveting methods are presented, Tests were made on a direct
stress fatigue machline at room temperatures, The rivets ware
made of aluminum alloy Al75~T and the plates of aluminum
alloy 24S5-T. Preliminary tests at 700 ¥ on specimens having
varylng ratlios of rivet diameter to plate thickness were made
under both statlec and dynemic loads to check the efficioncy
of the specimen grips,

The resulta of the tests showed that the fatigue
strength of the Jolnts was directly affucted by the method
of riveting used, The endurance limit of the rivets in cowm—
Pletely reversed shear was greatest for commerclal counter—
sunk rivets with the head 0,010 inch above the plate surface
before driving, while the endurance 1limit was loweet for com—
mercial countersunk rivets with the head 0,003 lnch boelow
the surface before driving, The endurance limit for reverse—
driven rivets (Method E) was intermediate between the
extromes, In several cases considerable variation in be—
havior under the same fatigue loads was found in especimens
of the same series, The lowest endurance limit found in
this lnvestigation was about 9400 psl while the maximum
found was about 15,000 psi, Static tests on the reverse
driven rivets showed an ultimate strength of adout 38, 000
pel, this being the highest strength developed by any of
the Joints,

DEFINITIONS

The Jolnts were tested in tension, thus putting the
rivets in shear, The term "ultimate tensile strength! eas

L
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used in this report refers to the ultimate strength of the
Jointe as & unit, The term "static ultinmate strength” of
the rivets refers to the ultimate shearing unit stress de-
veloped by the rivets at rupture, The term "unit stress?
in thie report refers to the shearing unit stress in the
rivets, N

INTRODUCTION

Tests by Eartnmann, Lyst, and Andrews (raference 1) and
by Andrews and Holt (reference 2) on aluminum alloy riveted
connections have rscently been pudblished, The literature
on fatigue tests of rivetecd Joints 1s still meager, however,
and so far as the authors krow an investigation of the sisge
and the type of alunlnum alloy rivets here studied has not
previously baen made, After some prelluinary study, 1t was
declded to 1limit the scope of the investigation to one size
of rivet, one thickness of plate, one type of specimen, and
four methods of riveting, (See fig, 1.)

This investigation, conducted at the Northwestern
University, was sponsored by and conducted with the financlal
assletance of the Natlionsal Advisory Comaittee for Aeronmautice.
The methods of riveting investlgated are those for which
statlic strength has been lnvestigatsd by the lLangley Me-
morial Aeronautical Laboratory of the Nationel Advisory
Counlttee for Asronsutics, (See reference 3,) The work
was conducted under the direction of the authors.

Credit for performlng most of the actunl testing should
be givon to the following students: Helmut Abt, Victor Archer,
Gervase Gauer, Paul Gouwens, Kenneth Lenzen, Frank Phalen,
Williaa Eoss, and Mliles Tourtellotte, The wnrk of remodel—
ing and calibrating the testing machine wes done dy L, T,

¥rly.

APPARATUS ARD METHODS

Biveting methods,~ The methods of riveting used are
those developed by the lLangley structures rssearch lsbdora—
tory of the NACA and described in reference 3, The types
of rivets used and their dimensions, the angles of the
countersunk holes, and the eide from which the rivets are
inserted are shown in figures 2 to 5, The distinguishing
features of the riveting methode used in this investigation
ares
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Method C, The manufactured head of the countersunk
rivet 1e driven with a vibrating gun while the shank end 1s

‘bucked with-a bar, The driven rivet head is flat, All epecil-

mens riveted by this method are given the prefix C in the
deelgnation,

Method E, The manufactured round head of the rivet 1s
driven with a vibrating gun while the shank end is bucked
with a bar, After the rivet is driven, the portion of the
formed head that protrudes above the skin gurface is milled
off ‘and finighed gmooth with the sheet, All speclimens riveted
by thls method have the prefix N,

Tast apecimenns,—~ Detaills of the specimens for the
"Preliminary Tests!" are shown in figure 6§, Detalls of the
specimens for the !"Maln Teste" are shown in figure 1, The
preliminary specimnens were detailled by the Northwestern
Univerasity, The Langley laboratory made the final detalls
of the mein test specimene and furnished all specimens for
both prelliminary and regular tests,

Metorinla.— The plates were made from sheets of 245-T
aluminum alloy, The rivets were made from Al7S~T aluainun
alloy.

Specimen grivs.— The grips used to mount the speclmensg
in the testing machines are spllit screw fittings which were
secured to the ends of the specimens by drive fit dowels,

by friction, and by split tapered dowels, Details are shown

1n figure 7,

Teating aschinaes.— The preliminary static tests were
run on a Southwark-Emery universal hydraulic testing machine,
The preliuninary dynamic tests were run on a Riehle pendulunm
impact machine which 1s equipped for tension impact testing,
Both of these machines have been described in a report of a
previous study (reference 4),

The fatigue teets were run on a2n H, ¥, Moors type
repeated direct stress machine (fig. 8) modified as
necessary for this sesries, This machine has been describdbed
in reference 5, Severnl modifilcations were made in the
Northwestern model both to handle the epecimens used and
also to lansure the desirsed accuracy in deelling with the
snall loads degired, This machine is of the constant—strain
type, With the eccentric set at zero, initlal compression
1s applied to the specimen by tightening the calidbrated
helical spring, Tension to the desired amount then is
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applied through the proviang ring, The eccentric then 1s
gset to give the proper amount of throw to the actuating
lever bar which causes the load on the specimen to vary
between the deslired valuss of maximum tension and naxinunm
compression, The calibration curve for the helical spring
is shown in figure 9., A speclal dlal gage was used to
measure the spring extenslion, readings on two sldes beilng
averaged, The callbration curve for the proving ring 1se
shown 1in figure 10, end in figure 11 is shown a calibration
of the spring working against the ring and giving actual
load delivered to the specimen, In determining the last
two curves, two elcvctric reslstance wire straln gages mounted
on opposite sides of a steel specimen placed in the testing
machine, were used,

It was necessary to tekxe a number of precautions to
secure and hold the loads to the desired accuracy, some of
which were as follows:

1. A speclally selected and hardened toocl steel eccen-—
tric was made, to avoid error from wear,

2. A buzzer was used to break up the friction in the
proving ring dial indicator, The mounting and
setting of thls dlal was never disturbed through—
out the investigatlion,

3., The 0,007-1nch shim steel dlaphragms were slotted
to avold any dishing, The proper vosition of
the ring shaft (lower end of specimen mount)
to elliminate any vertical force 1n the dlaphragns
was determined by test and this positlon wes
marked by a specliael gage,

4, Care was used to avold ptresses due to change 1n
room temperature,

5, Frequent checks of load on sach aspecimen were made
during a test and adjuetments made when necessary,

6, Check of spring calibration at intervals showed no
change, .

The speed of the testing machine gives about 1600
reversals per minute., An investigation was made to deter—
mine whether vibration of the actuating lever might produce
loads on the specimens differing appreciably from static
loads, A dlal indicator mounted on e micrometer screw
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and set in a frams rigldly bolted to the cast iron base of
the testing machine at various stations along the lever vas

. used, - It was_found poselble to establish the fact that there
was no deflection of the lever which would appreciadly change
the load on the specimen,

v

PRELIMINARY TESTS

The preliminary tests were made to investigate:
1, The strength of the shank for the purpose required

2, The posslbility of a sllp between the speclmens
and the grips

3. The statlc strength of the Jolnts

The investigation of these questions was carrled out in
gsonnection with an lmpact study recently made on the same
series of Jointe, and the description of the prelidinary
tests ls covered in detall 1n the report on that study,
(See reference 4, )

The first two of the above questions were investil-

gated through specimens cf the preliminary tests, (See

fig . 6.) The speclmens were tested under both very slow
static loads and impact loads, The specimen grips used were
sinllar to the grips used in the maln tests fetigue serles
(see fig. 12) except thet the latter are longer and con—
tain two dowel pins instead of one, Statlic strength tassts
wore made on specimens of the main series, (See fig, 13.)

Prelininary Test Results

Strength of ghank,— No weakness 1ln the shanks of the
gspeclmene was discovered in any of the tests,

S§lip in the gripa.— The preliminary tests established-
the fact that no measurable slip of the specimens occurred
elther under static or impaect loads, The evidence on this
point was quite conclusive, . The energy required to rupture
the specimens varled from 0,4 foot—pound to 4 foot—pounds,
due to the varying ratios of rivet diameter to plate thicl—
ness used, bdut the agreement dbetwsen the energy required to
rupture a given specimen type under static and under dynamiec
loads was remarkably good,
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Statle strength.— The statlc strength of the Jointe 1s
recorded in table 1, The countersunk rivets for Maethod C
with hy = —0,003 ehowed the least strength, and the rivets
for Method E showed the greatest strength; and there was a
uniform varlation of the strength from one type of rivet to
another, The maxinum Adifference in statlc strength was not
large,

MAIN TESTS

It 18 generally agreed that the endurance limit for
conpletely reversed stress and the static ultimate strength
are the most signiflicant properties since, from this in-
formetion, the variation in fatligue strength wilith range of
stress may be approximated by either a Goodman-Johnson
(reference 6) or a Haig—Soderberg (reference 7) type of
diagran,

The main purpose of the iInvestigation was to estadlish
by means of S~N dlagrams the endurance limit at room tempera—
ture of each of the four types of speclmen of the main test
serlss,

Main Test Procedure

All main tests were rumn at room tewperature, All
specimens were subjected to completely reversed lcading,
The cycles at the endurance limit ware carried to ten
nillion or over for each type,

The procedure was to start a seriee with falrly high
stresses, testing each specimen to rupture, and gradually
reduce the stress on gucceeding ppecimens until a point was
reached where fallure did not occur after ten million
reversals,

Constant care et all stages was used, ZXEnd connections
were placed on & line scribed througk the rivet center and
all holes were drilled while the specimen was umounted in a
Jig, Careful watch was kept of the room temperature since
the specimen would respond much more quickly than the machine
to alr temperature changes. As 1t was dcsired to hold the
load constant on & given speclmen throughout the test, fre-
quent checking of the load was neccssary with some #2light
adjustments at tlmes,
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A few Joints were found with obviously defective rivets,
These specimensg held the statlic load during adjustment of
the machine but falled after a few cycles of stress, In the

"CB series an unusually wide spread of results occurred Just

above the endurance limit, necessitating a large number of
tests, In one or two cases the specimen falled not in the
rivets but by fatigue fracture in the shank where the corner
haid bsen cut without a proper fillet,

Maln Test Results

The results of the main tests are shown in table 1 and
in figures 14 .to 17, They are sunumarized in table 2 and
figure 18, ZEnlarged photographs of typical rivet fractures
are shown in fignre 19,

Digcussion of Main Test Results
The prinecipal results of the maln tests are as follows:

1. The static strength of the Jolnts varied uniformly
from 31,500 psl for type CA with hy = —0,003 to 35,800 for
type CC with hy = 0,010 and 38,100 for type NA, reverse
method,

2. The endurance limit (fatigue strength) varied
uniformly from about 9,300 peil for type CA to 15,000 psi
for type CC with type NA showing an intermedlate strength
of about 11,000 pel, Thig 1ls a very substantlal variation
in gtrength,

3: In general, the S5~N curves show the usual sharp
break in the neighborhood of a million cycles of stress and
& vary gentle slope between one and ten million cycles,

4, The individual variation or spread in results in
certaln cases was quite broad, as 1s frequently the case
in fatigue tests,

The most outstanding result of the teets ie the effect
of the method of riveting upon fatigue strength and, in
rarticuler, the low fatigue strength developed by the NA
speclmens, that 1s, reverse method, ZEqually interesting 1is
the marked increase in fatigue s trength as the valus of
by 18 increased.

Northwestern University,
Evanston, Ill,, June 7, 194.5.
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TABLE 1

FATIGUE TEST RESULTS

Specimen Maximun Maximum Rumber of Notes
load per ualt cycles
rivet stress
Serdes| No 1b psi
NA 23 252 36 500 Static teat
20 263 38 100 " "
37 263 38 100 o "
38 262,5 38 000 " "
39 206,.5 37 100 ol "
LO 263.5 38 100 " "
16 m 16 100 16 400 Rivets ruptured
17 96 13 900 60 000 " n
18 92 13 350 230 000 n "
19 85.5 400 200 000 n "
0 78 11 300 3 000 000 " "
26 7845 11 400 600 000 " "
27 78.5 11 400 410 000 " "
28 79.5 11 500 1 014 000 Rivets loose
29 76 11 000 10 000 000 Rivets not ruptured
30 79.5 11 500 1o 480 000 " noom
31 975 1, 150 2 470 000 " " "
32 755 10 900 10 476 000 " " "
CA 24 217 31 500 Static test
16 83 12 030 55 000 Rivets ruptured
17 68,5 9 930 400 000 " "
18 56 8 110 7 520 000 Rivets not ruptured
19 8l 11 750 235 000 Rivets ruptured
20 63.5 9 200 6 Q42 000 Rivets not ruptured
22 68 9 850 475 000 Rivets ruptured
23 64 9 270 17 501 000 Rivets not ruptured
26 6l 9 300 11 100 000 " " "
33 66 9 560 700 000 Rivets ruptured
36 65.5 9 500 2 000 000 n L
CB 24 22, 32 500 Static test
38 223.5 32 400 " "
20 92,5 13 400 1, 251 000 Rivets not ruptured
21 93 13 480 4 000 000 Rivets ruptured
22 93.5 13 550 J1 265 000 Rivets not ruptured
25 90 13 050 1 347 000 Rivets ruptured
26 96,5 14 000 1 135 000 Rivets ruptured
27 110 15 950 83 000 Rivets ruptured
29 104 15 100 42 000 Rivets ruptured
30 100,5 1 550 108 000 Rivets ruptured
31 98 1L, 200 28 300 Rivets ruptured
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TABLE 1 (econtimed)
Specimen Maximum Maxcimum Number of Notes )
load per unit cycles
rivet stress
Series] No n psi
32 92.5 13 400 169 500 Rivets ruptured
33 945 13 700 2 400 " "
34 96 13 900 700 000 n n
35 945 13 700 582 000 " "
36 90.5 13 100 11 335 000 Rivets not rupiured
37 93.5 13 550 371 000 Rivets ruptured
39 9he5 13 700 190 000 u "
L1 92.5 13 400 300 000 " u
42 9345 13 550 1 400 000 f "
43 95 13 760 1 276 000 n "
b4 98.5 1, 280 800 000 " "
cc 37 245 35 500 Static test
n 96 13 920 6 000 000 BRivets not ruptured
12 1o, 15 100 12 210 000 " n n
13 105,5 15 300 2 010 000 Rivets ruptured
19 109 15 800 11 000 n "
23 91 13 200 10 198 000 Rivets not ruptured
24 oL 13 600 5 976 000 n " o
25 97 1, 060 9 517 000 " n n
26 131 19 000 425 800 Rivets ruptured
27 12, 17 960 1 792 000 " "
28 103.5 15 000 9 175 000 Rivets not ruptured
29 110.5 16 020 9 759 000 " " "
30 123,5 17 910 6 632 000 L) n "
31 117.5 17 050 L29 000 Rivets ruptured
32 117.5 17 050 572 000 " L
33 13845 20 080 900 000 " "
3 138 20 000 542 000 " n
35 110.5 16 000 145 000 " "
36 131 18 980 202 000 n "
TABLE 2.- SUMMARY' OF MAIN TEST RESULTS.
Series CA Series CB Series CC Series NA
Static tensile strength psi 31 500 32 500 35 500 38 100
Endurance limit at 107 ecycles psi 9 300 12 900 15 000 11 000
Static tensile strength ¢ 0 40 42 29
Ratio Endurance limit ° 3




Figs. 1,3,3

| U : _ Rivet- Method [Depth of
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[::::::] D Figure 1.~ Details of specimens for main teste.
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Figure 2.- Dimensions of machine-countersunk
rivet and angle of countersink
used in riveting method C for 1/8-in. rivet.
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Figure 3.- Dimensions of roundhead rivet and
angle of countersink used in
riveting method E for 1/8-in. rivet.
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Vibratinj Buckling
] sun bar
(1

Buckling ibrating
bar gun

Method E Method C

Figure 4.- Methods of rivet-
ing used in this
investigation.
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Positive hy

)

Fige. 4,5,6
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Negative hb

Before driving

Positive by
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Figure 5.~ Illuetrations of hy, &and hy for machine-

Negative bg

After driving

countersunk rivets.

Rivet Sheet
Speci~(dismeter| thickness| € D A Depth of
men d t (in.) | (in.) | (in.) | counter-
(in.) (in.) sink
Method C; hy = O; rivet-head angle, 78°

CLa 3/32 0.040 | 3/4 | 7/16|1-1/8| 0.047
C1E . ' :

o2 3/32 064 | 3/a | 7/16|1-1/4| .o047
‘934 1/8 040 | 7/8 | 3/8 |1-1/8| .080
02B

Sap | /s 064 | 7/8 | 3/8 |1-1/4| .060

Method E; rivet-head angle, 60°

N1a 0.040 | 3/4 | 7/18]| 1-1

NiB 3/32 . / -1/8| 0.030
N2A '
Non 3/32 064 | 3/4a | 7/16]|1-1/4] .020
Noa 1/8 040 | 7/8 | 3f8 | 1-1/8 050
N3B . ]

. .

Nep 1/8 .04 | 7/e | 3/8 |1-1/4| .0s0

(All dimensions in inches)

Figure 6.- Details of specimens for

preliminary tests,
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View on B-B

Figure 7.~ Detalls of grips used to mount speclimens in tésting machines.

Fig. 7
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Ficure 8.—H. F. Moore type fatigue machine.
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Figure 9.~ Helical spring calibration graph.
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(2) Specimen CC33 after rupture

(b) Specimen grips

Freure 12.—Test specimen grips and details.

(c) Specimen grips
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F1cure 13.—Main test specimens before rupture.
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Figs. 14.15

O Rivets ruptured
O+ Rivets not ruptured

All values represent
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Figure 149.- S=N curve for NA specimens,
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Figure 15.-~ S-K curve for CA specimens,
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-+ Fig. 18
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Figure 18.- Main test results.
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Specimen CC33

Ficrre 19.—Main test rivets after rupture.
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